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Soil nailing can be used for retaining both temporary and permanent excavations. One of the successful applications of this technique 
includes the Singapore expressway project (Raju, 1996).  As a part of this research work, one project of soil nailing has been 
completed in M/s Hero Cycles Industries, Ludhiana, India, where nailing has been used for stabilization of steel columns footings, 
meant for electrically operated gantry crane. Construction details and numerical analysis of nailed cut is described in this paper. 





Soil nailing consists of reinforcing the soil mass by the 
introduction of a series of thin elements called nails to resist 
tension, bending and shear forces. The reinforcing elements 
are made of steel round cross-section bars called as nails. 
Nails are installed sub-horizontally or horizontally into the soil 
mass in pre-bored holes, which are grouted along their total 
length to form ‘grouted nails’ or simply driven into the 
ground, called as ‘driven nails’. Soil nailing technique is used 
to stabilize both in-situ natural and steep cut slopes. In urban 
areas, this technique is also used to construct temporary or 
permanent retaining structures to support the ground close to 
neighboring structures that are sensitive to deformation with 
appropriate measures to reduce ground movement. In the 
present paper, methodology used successfully to stabilize a 






The site was situated under a covered shed (Fig. 1) of 
factory’s Cold Rolling division. An EOT gantry girder and 
crane runs at a height of about 17 meters from floor level of 
the factory. This gantry crane was supported by steel columns 
18 m apart on both sides, each column carrying a load of 2000 
kN. The centre to centre spacing of columns in same direction 
was 13 m. The columns had isolated RCC stepped footings 
with RCC bottom raft of size 6.5 m x 3.0 m (6.5 m along next 
successive column and 3.0 m towards opposite side column) 
 
 
Fig. 1. View of Gantry Crane Resting on Isolated RCC 
Footing 
 
and thickness as 0.30 m resting at (-) 3.0 m level from FFL 
(Finished Floor Level). The factory owner decided to install a 
High Performance Hydrogen (HPH) Annealing plant under 
this shade in available width of 18.00 m between columns of 
opposite sides. The foundation of this annealing plant was 
proposed to be laid at (-) 6.3 m from FFL.  The HPH 
annealing plant size was such that the space marked for its 
installation required cutting of the bottom raft foundation of  
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each column by 0.7 m width (out of 3.0 m width) towards 
opposite side column. This might cause deformation of 
foundation towards opposite side column as the load on each 
column was substantial. M/s Hero Cycles Industries were not 
ready to close the operation of EOT crane even for a day 
during laying of HPH annealing foundation. The deformation 
of foundation could also jeopardize the functioning of crane. 
Total such four column footings had to be stabilized. 
 
It was decided to provide soil nailing at this site to prevent 
deformation of column footing during cutting of soil beneath it 
by 3.3 m depth, as it could make possible the proposed cutting 
of the existing foundation raft by 0.7 m, protruding in the area 
of HPH Annealing foundation. 
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SOIL STRATA AT SITE  
 
The soil present at the site was poorly graded sand (SP). The 
particle size distribution curve for the representative sample 
collected from site at (-) 5.0 m                                                                                                                                 
level from FFL.  The soil present at (-) 6.3 m level from FFL 
is cohesion less in nature (c = 0) with angle of internal friction 
(φ) as 27.5°. The tests were also conducted to find out the in-
situ density of the strata at depth (-) 3.0 m from FFL and the 
shear strength parameter of the soil at depth (-) 6.3 m from 
FFL. In-situ density of the soil strata determined by core cutter 
was 15.5 kN/m3.  
 
In-situ pull-out tests  
 
In order to determine the apparent coefficient of friction (f*)  
between in-situ soil and nail for design of vertical nailed cut, 
the in-situ pull-out tests were conducted at the site in close 
vicinity to column foundation. Three different methods of 
nailing were adopted viz.  i) driven nail, ii) grouted nails and 
iii) perforated pipe nail. 
 
In case of driven nail, tor steel bar of 25 mm diameter ( fy = 
4.15 x 105 kPa) and 2.5 m length was used as a nail and the 
same was driven with the help of manual hammering at a 
depth of 3.0 m  from FFL. To facilitate pulling of the nail, a 
MS flat of 40 mm width and 4 mm thickness was suitably 
welded on its open end. For the grouted nail, a bore hole of 75 
mm diameter and 2.5 m length was made with the help of a 
spiral auger at a depth of 3.0 m from FFL. Tor steel bar of 25 
mm diameter and 2.5 m length was placed centrally in the 
bore hole. To ensure its central position, the precast concrete 
centralizers with central hole of 27 mm diameter were used 
through which the steel nail was passed. These centralizers 
were spaced at 750 mm center to center along length of nail. 
The annular space around the nail was then filled with 
cementetious grout (w/c ratio 0.4). A MS hook of 40 mm x 4 
mm size was suitably welded to its open end and the nail was  
allowed to set for 10 days before pull-out test was conducted. 
For a perforated pipe nail, a perforated pipe of 50 mm 
diameter and 2.5 m length, with 10 mm diameter perforations 
on its periphery was placed in a bore hole of 50 mm diameter 
centrally, at a depth of 3.0 m from FFL. Cement slurry was 
then pumped with pressure in the perforated pipe to allow the 
cement slurry to come out from the perforations of the pipe 
and thus penetrating into the neighboring soil. A MS flat of 40 
mm width and 4 mm thickness was suitably welded to its open 
end and the nail was allowed to set for 10 days before pull-out 
test was conducted. 
 
Pull-out tests were conducted using a chain pulley block 
(Winch) of 100 kN capacity, laid horizontally and bearing 
against a steel column (ISMB 250), grouted at a depth of  6.0 
m from FFL.  Nail head displacement was measured using two 
dial guages. Pull-out load was applied in increment of 500 N 
and was measured by a load cell. Pull-out load was maintained 
for 5 minutes and the dial gauge readings were recorded for 
each increment in pull-out load. Load versus displacement 
plots for the three different types of nails are shown in Fig. 2.   
 




Fig. 2 Pull-out Load versus Displacement of Nail Plot 
 
Pull-out test results 
 
From Fig.2, it was observed that relative small displacements 
are required for the full mobilization of bond stress between 
nail and soil.  Driven nail was pulled out at 4600 N load, 
grouted nail and perforated pipe nails were pulled out at 15000 
N and 21000 N loads respectively. From the pulled out loads 
of each nail, the apparent coefficient of friction between nail 
and soil (f*) was calculated as, 
   f* = 
)}.(..{ qzLd
loadoutPull
+γπ            (1) 
 
Where, d=Diameter of nail in m, L=Length of nail in m, 
γ=Unit weight of soil (kN/m3), z=Sand fill above the nail in m, 
q=Surcharge intensity (kN/m2).  The values of apparent 
coefficient of friction (f*) calculated using Eq. 1 for the 
driven, grouted and perforated pipe nails are given in Table1. 
 




Description  Apparent coefficient of friction 
between soil and nail (f*) 
1. Driven Nail 0.50 
2. Grouted Nail 0.82 
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From Table 1, it is observed that the values of f* for the 
grouted and perforated pipes nails are greater than 0.7 while 
that for driven nail f* is 0.50. However, due to the urgency of 
completion of work and also due to unavailability of the 
skilled labours and sophisticated machinery for casting 
grouted nail and perforated pipe nails, it was decided to use 
driven nails for the stabilization of the cut below the footing of 
gantry column, and the design was made accordingly. 
 
 
DESIGN OF NAILED CUT 
 
Considering the shear strength parameters of the soil (c = 0, φ 
= 27.5°), the load coming on each column as 2000 kN and the 
apparent coefficient of friction f* between soil and nail as 0.5, 
the nailed cut of height 3.0 m and width 6.5 m was designed 
using the analysis as suggested by Gosavi (2006).  In the 
design, effect of seismicity was also incorporated by 
considering the value of horizontal seismic coefficient (αh) as 
0.05 and    αv = αh/2. The design features are as follows: 
i) Nails Used: 25 mm diameter tor steel bars,  
 fy= 4.15 x 105 kPa with length as 2.1 m 
 ii) Horizontal and Vertical Spacing of nail: 0.3 m 
 iii) Facing :75 mm thick shotcrete laid on chicken mesh  
 iv) Nail Head Connection : By providing a steel bearing  
     plate on open end of nail 
 v) Bearing Plate : MS plate of size 100 mm x 100 mm x  
  15 mm thick with central hole of 27 mm diameter. 
 vi) Height of Cut : 3.0 m 
 vii) Factor of Safety : 2.23 
 Details of the proposed nailed cut provided are 





Before starting the excavation of the cut, a horizontal 
protruding foundation slab of 0.7 m length of column had to 
be cut. While deciding the construction methodology, two 
solutions were thought of, namely: 
 
i) The foundation slab  be cut after completion of 
nailing work 
ii) The foundation slab be cut first and thereafter the 
nailing be started immediately. 
 
The protruding foundation slab of 0.7 m length did not provide 
a workable condition for the excavation of the cut. Therefore it 
was decided to cut the foundation slab first and thereafter start 
the nailing process soon after cutting of slab. 
 
 
Fig. 3 Details of Proposed Nailed Excavation  
 
It was observed in the initial stages of excavation that the 
excavated face gets loosen while driving the nails, as the 
nailing was done by hammering and the soil strata at the site 
was a loose dry sand with no cohesion. Furthermore vibrations 
were also coming from the continuous operation of the gantry 
girder which were also causing loosening of the soil. To 
overcome this problem it was decided to cover the excavated 
face by chicken mesh, then drive the nails (at designed 
spacing) and shotcreting be done to cover chicken mesh and 
the soil face. It was also decided to use quick set cement for 




The soil excavation was carried out manually in the multiple 
of 0.3 m which was the vertical nail spacing (Sv). This spacing 
was chosen keeping in view the lesser cohesive strength of 




As soon as the first 0.6 m depth of excavation was done, the 
excavated soil face was covered with a chicken mesh on the 
soil face. Each chicken mesh was 3.0 m long and 0.9 m wide.  
Hence, chicken mesh was laid by placing side by side with an 
overlap of 0.2 m as shown vide Fig. 8. The chicken mesh was 
held in position by placing U - hooks made of 6 mm diameter  
mild steel bars. The chicken mesh was hanged from exposed 
steel bars of broken foundation slab (Fig. 4). 
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After laying the chicken mesh, first row of nails was driven at 
a depth of Sv / 2 i.e. 0.15 m from the bottom of the base of 
footing. After driving first row of nails, second row of nails 
was driven at the designed vertical spacing (Sv ) i.e 0.3 m from 
the first row of  nails. The nail was made tapered on one end 
by 0.10 m length to facilitate its easy insertion into soil. Zinc 
cromate coating was also done on each nail for their corrosion 
protection. The nails were driven manually by hammering as 
shown vide Fig.10. 
  
Shotcreting and bearing plate
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After the nails were driven, the chicken mesh covering the soil 
face was covered with a 75 mm thick layer of shotcrete. 
Shotcreting was done manually as the shotcreting pump was 
not available at site. Before shotcreting started, the wall face 
was made wet by cement-water mixture so that the bond 
between wall face and shotcrete was proper. The shotcreting 
was done by 1:4 cement-sand mortar. The shotcreting was left 
for 24 hours for setting. The connection of the nails to the 
facing was made by placing a bearing plate of size 100 mm x 
100 mm x 15 mm with a central hole of 27 mm on the rear end 
of each nail. Bearing plate was inserted into nail from its rear 
end, and was welded to the nail such that it is tightly in contact 
with shotcrete also (initially it was planned to tight a nut as 
shown in Fig. 3 but during manual hammering operation, the 
nail head deformed due to which nut could not be inserted on 
the threads of nail, hence welding was done). The process of 
shotcreting of facing and installation of nails was repeated at 
next incremental depth of excavation of 0.6 m until the total 
required excavation depth was reached. As main aim of the  
nailed cut was to stabilize the footing of columns of gantry 
girder and after completion of the nailed cut, within a short 
period of time a concrete wall of 200 mm thickness had to be  
built up in front of the nailed cut as a part of foundation of 
HPH Annealing plant, no drainage was provided in this nailed 
cut. A view of the completed nail cut is shown vide Fig.5.  
 




After the construction of the nailed cut, a concrete wall had to 
be constructed in front of the nailed cut and the Annealing 
plant had to be installed there, hence no instrumentation could 
be done for the performance monitoring of this nailed cut. It 
was only decided to monitor deformation of wall during 
construction as well after construction till the concrete wall 
came into existence by geodetic method. It was noted that 
there was no deformation at the top of the wall as well as at 
respective nail levels during construction of the nailed cut and 
also after about one month of completion of the nailed cut. 
 
 The nailed cut was completed by 10th September 
2005. On October 8, 2005 an earthquake of magnitude 7.4 
occurred, whose epicenter was Muzaffarabad in Pakistan. The 
effect of this earthquake was very severe in Ludhiana also as 
geographically this place was not very far from Muzaffarabad.  
But this wall did not show any lateral deformation and 





Soil nailing is an effective method of stabilization of vertical 
excavation. The nailed cuts perform satisfactorily and do not 
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